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INTRODUCTION 
Human MR imaging to field strengths of 9.4T and higher appears to be possible according to 
recent data from the University of Minnesota.  The Larmor wavelength in the human tissue 
dielectric at 400 MHz is on the order of 9cm.  By conventional methods and thinking, this 
wavelength would preclude any possibility of achieving safe and successful human scale 
imaging.  RF interference patterns from a conventional, uniform field volume coil would create 
severe inhomogeneities in the anatomic images. RF losses to the tissue conductor and the tissue 
dielectric at 400 MHz would result in increased heating concerns for conventional pulse 
protocols.  Innovative methods and technology being developed at the University of Minnesota 
not only solve some of these problems, but actually use the short wavelengths to significant new 
advantages.  By controlling the currents in individual RF coil elements, in phase, magnitude, 
frequency, and time, the RF field can be manipulated to optimize signal from a targeted region of 
interest for SNR, SAR, CNR, homogeneity, or other criteria.  Such "B1 shimming" will be 
automated much like magnetic field “B0”shimming is today.  A sampling of high frequency (RF) 
methods and technologies used for highest field human imaging will be presented and discussed  
 
RF PROBLEMS  
 “High field” for human 
imaging currently ranges 
from 3T clinical imaging 
to 9.4T imaging research. 
The Larmor band for 
proton imaging over this 
span of field strengths 
ranges from 30 cm tissue 
wavelengths at 3T to 9cm 
wavelengths at 9.4T.  
Shortened wavelengths 
due to high tissue dielectric constants at high frequencies result in wave interference patterns 
with consequential RF field gradients and resultant image inhomogeneities over a field of view 
of human anatomic dimensions.  Figure 1a models RF flux distortions through a head inside a 
homogeneous volume coil.  Resulting RF field contours or gradients are shown in Figure 1b.  
Figure 1c shows the consequential B1 inhomogenetiy in images acquired at 4T (1c) and 7T (1d) 
for a homogeneous TEM head coil.  B1 values were determined from the oscillation periods τ 
where Θ = γB1τ , for a given B1 generated by the RF coil. Averaged B1 values standardized to a 
1kW RF pulse are shown on the central and peripheral regions from which they were measured. 
(1-3) 
 

a. B1flux @4T b. B1contours @ 4T   c. B1,μT @ 4T     d. B1,μT @ 7T 

Figure 1. 1a shows the calculated RF magnetic vector potential, Webers
and 1b shows RF flux density (Webers/mm2).  Figures 1c and 1d show 
B1, μT in images at 4T and 7T 
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and 1b shows RF flux density (Webers/mm2).  Figures 1c and 1d show 
B1, μT in images at 4T and 7T 
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a.  Transmit coil       b. Receive coil           c. 4T image
Figure 4. A homogeneous transmit coil is nested with a local
receive array to render apparent image homogeneity.
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Figure 4. A homogeneous transmit coil is nested with a local
receive array to render apparent image homogeneity.
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Figure 3.  7T images (a) intensity corrected (b)
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Figure 3.  7T images (a) intensity corrected (b)

RF field dependent SAR and 
SNR also present problems at 
higher B0 fields.  As shown in 
Figure 2a, the RF power (SAR) 
required to excite a 90o flip 
angle increases with the B0 
field non-uniformly across the 
brain.  This SAR increase may 
be linearly proportional to B0 in the center of the brain, to quadratically proportional in the brain 
periphery with a homogeneous RF coil.   Similarly, the signal-to-noise ratio (SNR) is also 
dependent on the B1 contour as well as B0, increasing at a better than linear proportion in the 
brain center and at a less than linear rate in the brain periphery when a homogeneous head coil is 
used.  In Figure 2b, the SNR from five locations in a center slice of a fully relaxed gradient echo 
image acquired at 4T is compared to SNR values from the same slice acquired at 7T.  The 7T 
image includes 7T/4T SNR ratios respective to the five locations as well.  SAR and SNR as well 
as image homogeneity and contrast vary with the B1 contours in the anatomy. (2)  
 
RF SOLUTIONS 
A variety of solutions exist for addressing the problems associated with MR imaging of human 
anatomy at high magnetic field strengths.   Some proven approaches follow. 
 
Image processing 
The most obvious way to achieve uniform 
appearance of an image is to apply image 
signal intensity correction or other post 
signal acquisition processing algorithms.  
See Figure 3.  While such image processing 
is commonly applied in most clinical 
imaging applications, this approach does not 
solve the fundamental RF problems 
associated with non-uniform B1 contours 
discussed above. (2) 
 
Nested transmit coils and receive coils 
Local transmit coils of conventional, circularly 
polarized birdcage or TEM design generate 
uniform, transverse B1 fields.  However, a high 
field human head image from such a coil used 
for both transmission and reception results in an 
inhomogeneous image with signal bias to the 
center of the head as described in Fig. 1.    
Alternatively, the sensitivity of close fitting 
receiver arrays favors the periphery of the head.  
By nesting a close fitting receive array together 

Figure 2a.  Slice signal vs. power gain, dB 2b. 4T signal        7T signalFigure 2a.  Slice signal vs. power gain, dB 2b. 4T signal        7T signal
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Figure 6. 7T images acquired with TEM 
line elements (left) and loop elements (right).
Figure 6. 7T images acquired with TEM 
line elements (left) and loop elements (right).

Figure 5a. Multi-channel TEM volume coil     5b. Multi-channel TEM surface coilFigure 5a. Multi-channel TEM volume coil     5b. Multi-channel TEM surface coil

a. b. c. d.
Figure 7. B1 field models of a head loaded multi-channel TEM coil.  7a shows a close 
fitting coil with thin (blue circle) dielectric. 7c shows a thick dielectric with more spacious 
fit.  7b and 7d show respective models with head template removed for field visualization.

a. b. c. d.
Figure 7. B1 field models of a head loaded multi-channel TEM coil.  7a shows a close 
fitting coil with thin (blue circle) dielectric. 7c shows a thick dielectric with more spacious 
fit.  7b and 7d show respective models with head template removed for field visualization.

with a volume transmit coil, a more homogenous image can be achieved. (4,5) While apparently 
uniform images can be gained by super posing non uniform excitation and reception fields, 
optimal B1 uniformity, SAR efficiency, and SNR are still compromised by this approach alone.  
 
Multi-channel transmit and receive coils 
Alternatively, transmit 
and receive coils can be 
designed such that the B1 
field of a coil can be 
optimized for image 
homogeneity or other 
criteria by controlling the 
RF currents on multiple, 
independent coil 
elements.  One multi-channel design particularly well suited for high field use is the multi-
channel TEM coil composed of transmission line elements which can be independently driven, 
controlled, and received efficiently at high frequencies.  See Figure 5. (6) 
 
Lines vs. loops  
One choice to be made in multi-channel coil design is whether to 
use line elements or loop elements in the coil construction.  
While both element choices can be made more efficient by 
transmission line design, the line element is the shortest and 
therefore the most efficient.  Optimization schemes are 
simplified with the uni-directional currents on the line elements.  
Line element or “runged” coils such and the birdcage and TEM 
resonators are inherently more homogeneous than loop arrays as 
well.  See Figure 6. (7) 
 
Design execution 
Specific execution of any 
coil design can be used to 
determine performance 
criteria.  For the multi-
channel TEM volume coil, 
as with other designs, a 
closer fitting coil will 
improve the efficiency of 
transmission and reception.  
Interference patterns leading to image inhomogeneity are more extreme when elements are 
spaced closely to each other and to the anatomy.  See Figures 7a, b. This problem can be 
lessened by the choice of dielectric material and dimension between the inner and outer 
conductors of the TEM elements, and by the number and dimension of elements.  Homogeneity 
can be improved by making the coil physically larger, although at the expense of efficiency as in 
Figures 7c, d.  Often compromising choices in geometry, material, ergonomics, implementation, 
and performance must be considered when designing a coil to for a specific application.  
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RF (B1) SHIMMING 
To control the phase, 
magnitude, timing and 
frequency of B1 field 
generating currents on 
independent coil elements of 
multi-channel coils, multiple 
spectrometer transmit and 
receive channels are 
required.  RF signals on each 
channel are independently 
modulated to effect the 
desired field control.  This 
modulation is in turn 
controlled from the console 
by user interaction, 
programmed algorithms, or automated, feedback driven optimization protocols. See Figure 8.(8) 
 
APPLICATIONS 
 
Head imaging 
Results from the 
application of some of the 
RF solutions presented, 
follow.  Figure 9 
demonstrates B1 
shimming on a head at 
9.4T.  In this example, a 
multi-channel TEM 
volume coil per Fig 5a, 
designed by 
considerations of Fig 7a, 
was driven by the parallel 
transceiver of Fig 8.  B1 
magnitude (top row) and 
B1 phase (bottom row) 
were respectively  
optimized for best 
homogeneity.  Phase and 
magnitude shimming 
were used together to 
produce the images of 
Figure 10.  (9) 
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Figure 8. Functional schematic of a multi-channel, parallel transceiver to control B1 transmit 
magnitude, phase, time (switching), and frequency per element of a multi-element coil. 
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Figure 8. Functional schematic of a multi-channel, parallel transceiver to control B1 transmit 
magnitude, phase, time (switching), and frequency per element of a multi-element coil. 

  

Figure 9. B1 Shimming of head at 9.4T.  Top row shows progressive shimming from 
left to right of B1 magnitude.  Bottom row shows shimming of B1 phase.

  

Figure 9. B1 Shimming of head at 9.4T.  Top row shows progressive shimming from 
left to right of B1 magnitude.  Bottom row shows shimming of B1 phase.

a. b. c.                            d.
Figure 10 a,b, show 9.4T gradient echo images acquired with the parallel 
transceiver driving an 8 channel transmit and receive, elliptical TEM head coil.  
The acquisition parameters were: TR/TE = 40/5ms, TI = 1.55 sec, Thk = 3mm,  
matrix = 256 x 128, SAR = 0.4W/kg.  Simple magnitude addition was used to 
combine the images from eight receiver elements. No intensity correction was 
applied. Figure 10 c,d, show a 9.4T FLASH images, TR/TE = 50/9ms that contrast
the medulary veins, Virchow-Robins spaces, possible tracts and other features. 

a. b. c.                            d.
Figure 10 a,b, show 9.4T gradient echo images acquired with the parallel 
transceiver driving an 8 channel transmit and receive, elliptical TEM head coil.  
The acquisition parameters were: TR/TE = 40/5ms, TI = 1.55 sec, Thk = 3mm,  
matrix = 256 x 128, SAR = 0.4W/kg.  Simple magnitude addition was used to 
combine the images from eight receiver elements. No intensity correction was 
applied. Figure 10 c,d, show a 9.4T FLASH images, TR/TE = 50/9ms that contrast
the medulary veins, Virchow-Robins spaces, possible tracts and other features. 
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Multi-nuclear imaging 
Signal-to-noise and spectral resolution gains greatly 
benefit multi-nuclear NMR at high field strengths.  By 
tuning alternating elements of a TEM coil to two 
frequencies, and transmitting and receiving at these two 
frequencies, multi-nuclear image acquisition can be 
simultaneously accomplished.  See Figure 11.  
Alternatively frequency can be shifted per channel over 
time to acquire interleaved results in a “frequency 
hopping” scheme for two or more frequencies. (1,10) 
 
Body imaging 
The methods described 
herein for head imaging at 
high fields apply to full 
body imaging as well.  
Because human trunk 
dimensions are larger than 
in the head, significant RF 
artifacts become 
problematic at proportionately lower field strengths.  The TEM body coil as shown in Figure 12 
(a) was used together with two surface coil arrays (b) fitted to the chest and back of a volunteer 
to acquire the adjacent gated cardiac images at 4T.  The RF artifact in the atrium of the left 
image was corrected by B1 shimming as evidenced in the right image. (5) 
 
For an initial mapping of the RF “landscape” in the 
body at 300 MHz (7T), coronal, saggital, and transaxial 
scout images were acquired with a TEM body coil as in 
Figure 12, activated in transmit and receive mode 
without the use of additional receiver coils. Limited at  
the time to a 4kW power amplifier, the parameters used 
for acquiring the gradient echo, whole body images of 
Figure 13 were: 256x256 matrix, 3mm thick slice, 2 ms 
windowed sinc pulse, flip angle = 25 degrees, TR/TE = 
50/4 ms, 50 x 35 cm, NT = 2, scan time = 55 sec.  
These images show both RF problems and promise.  
Obvious are marked RF artifacts, especially the sharp 
destructive interference band (signal void) in the center 
of the trunk.  Promising however is the surprising 
penetration through the trunk obtained with moderate 
SAR levels.  Many of these artifacts were minimized or 
eliminated  when receiver coils were used to localize 
specific ROIs.  Work is now underway to employ B1 
shimming with a new multi-channel TEM body coil to 
correct the remaining artifacts.   
 

Figure 11. 1H and 23Na images from double 
tuned TEM coil at 4T. – courtesy, Bruker
Figure 11. 1H and 23Na images from double 
tuned TEM coil at 4T. – courtesy, Bruker
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Figure 12. TEM Body Coil for 4T, 7T.  The 4T cardiac image on the left shows an RF artifact 
in the right atrium.  The image on the right shows the artifact removed by B1 shimming.
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Figure 12. TEM Body Coil for 4T, 7T.  The 4T cardiac image on the left shows an RF artifact 
in the right atrium.  The image on the right shows the artifact removed by B1 shimming.

  

Figure 13. 7T Body Images.  Can  B1
shimming correct these artifacts?

  

Figure 13. 7T Body Images.  Can  B1
shimming correct these artifacts?
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Localized imaging and spectroscopy 
Whereas whole body imaging at the highest 
fields still presents some challenges, high 
quality images and spectra from localized 
regions of interest in the head, extremities, 
and superficial anatomy such as breasts can 
be easily measured with little complication.  
Breast cancer patient studies at 7T have 
been funded, approved, and are currently 
underway at the University of Minnesota. 
 
CONCLUSIONS 
While improved SNR and spectral resolution have been realized for human studies to 9.4T, there 
are new high field related RF problems to be solved.  The history of NMR however is rich with 
fortuitous paradoxes where anticipated high field artifacts have led to BOLD new solutions.  RF 
artifacts due to extremely short brain and muscle tissue wavelengths of 12cm at 7T and 9cm at 
9.4T will become the increasingly powerful RF shims and gradients used to localize ROIs and to 
optimize selected criteria therein by new families of RF protocols and feedback driven 
optimization algorithms.  Shorter wavelengths bring the new ability to “steer” RF fields to 
targeted anatomies and acquisition mechanisms.  New RF shimming, localization and 
optimization techniques will not only solve many of the RF problems encountered at high field 
strengths, but will further amplify the SNR benefit already gained.  
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weighted 3D FLASH image acquired in a normal subject. The box indicates the 
voxel in the fibroglandular tissue from whence the spectra were obtained. Clear 
peaks from taurine and tCho are visible. 

2 0 -2468 ppm

tChoTau

lipidsres. 
water

lipid

2 0 -2468 ppm

tChoTau

lipidsres. 
water

lipid

Figure 14. 7T Breast Image.  The sagittal slice is from a fat-suppressed, T1-
weighted 3D FLASH image acquired in a normal subject. The box indicates the 
voxel in the fibroglandular tissue from whence the spectra were obtained. Clear 
peaks from taurine and tCho are visible. 



ISMRM, May 6-12, 2006  T. Vaughan, U. Minnesota 7

7. Adriany G, Van de Mortele P-F, Wiesinger F, Moeller S, Strupp J, Andersen P, Snyder 
C, Zhang X, Chen W, Pruessmann K, Boesiger P, Vaughan J, Ugurbil K. Transmit and 
receive transmission line arrays for 7 tesla parallel imaging. Magn Reson Med 
2005;53:434-445. 

8. Vaughan J, Adriany G, Ugurbil K, Strupp J, Andersen P; University of Minnesota, 
assignee. Parallel Transceiver for Nuclear Magnetic Resonance System. USA patent 
6,969,992. 2005. 

9. Vaughan T, DelaBarre L, Snyder C, Tian J, Bolan P, Garwood M, Adriany G, Strupp J, 
Andersen P, Van de Moortele P-F, Ugurbil K. Highest field human MR imaging. IEEE 
Transactions on EMC 2006:213. 

10. Vaughan J; University of Alabama, Birmingham, assignee. High frequency volume coils 
for nuclear magnetic resonance applications USA patent 5,557,247. 1996. 

 
 


	Table of Contents
	2006 Annual Meeting Program Committee
	Continuing Education
	Declaration of Speaker Financial Interests or Relationships
	================
	Monday, 8 May 2006
	Hot Topics in Clinical Practice: Neuro Imaging and Body Imaging ~ 11:00 to 13:00 ~ Room 6E
	Molecular Imaging with Cell Tracking in the CNS
	Automated Change Detection in Serial Imaging Studies of the Brain
	Cutting-Edge Imaging of the Spine
	Hot Body MRI: Beyond Anatomy Towards Tissue Function
	Hot Topics in Europe: Whole Body MRI
	Hot New MRA Techniques

	Body MR Problem Solving ~ 11:00 to 13:00 ~ Room 6C
	The Hepatitis C Patient: Early Diagnosis of Cirrhosis and HCC
	Problem Solving with Breast MR

	SMRT and ISMRM Joint Forum: Imaging of the Mother, Fetus and Newborn  ~ 14:00 to 16:00 ~ Room 6D
	Technical Aspects of Scanning the Pregnant Mother: A Technologist's Overview and Perspective ~ No Syllabus Contribution Submitted
	Fetal MR - Including the CNS
	Imaging the Neonatal Brain: Specific Pathologies - Specific Imaging Protocols
	Imaging the Pediatric Patient: Specific Pathologies - Specific Imaging Protocols

	Grant Writing: Opportunities, Needs and Strategies ~ 14:00 to 16:00 ~ Room 6C
	Grants - A Strategic Perspective from a Funding Agency Point of View: Requirements and Expectations
	Grantsmanship: The Essentials ~ No Syllabus Contribution Submitted
	Grants - An Outcome Perspective: Looking Back from a Scientific Publication to Grant Funding - Lessons to be Learned

	MR Physics for Clinicians ~ 16:30 to 18:30 ~ Room 6C
	Spin Gymnastics I
	Spin Gymnastics II ~ No Syllabus Contribution Submitted
	MRI Hardware


	================
	Tuesday, 9 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	High Field Imaging: A Technical Perspective
	High Field Body Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Body & Peripheral MRA
	Non-Contrast MRA
	Coronary MRA

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	What Can Quantitative DCE T1-Weighted MR Imaging Tell Us?
	Grading, Therapy Monitoring, and Predicting Outcome of Glioma

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	MRI Main Field Magnets
	Shim Coil Design, Limitations and Implications

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Impediments to High Field MR - A Look at B0 and B1 Field Behavior
	How to Do RF at High Fields

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Biomechanics of Femoral Acetabular Impingement
	MR Imaging of Femoral Acetabular Impingement

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Latest Advances in Arterial Spin Labeling
	Measuring Oxygen Consumption Using MRI: What Can and Cannot be Done

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Techniques for MR Imaging Near Metallic Implants
	Prospects of Absolute B1 Calibration

	Body/Cardiovascular Imaging at 3T ~ 10:30 to 12:30 ~ Room 6C
	Introduction to Body Imaging at 3T: Theoretical Advantages and Practical Challenges
	Musculoskeletal Imaging at 3T
	Abdominal and Pelvic Imaging at 3T
	Cardiovascular Imaging at 3T
	Body and Breast at 3T: Where is the Added Value Compared to 1.5T

	Neuro MR Problem Solving ~ 10:30 to 12:30 ~ Room 6D
	How To Use Parallel Imaging Techniques To Improve the Efficiency of Clinical CNS Imaging Protocols
	MR Angiography of the Carotids and Circle-of-Willis: Technical and Clinical Dilemmas

	MR Neurography for MSK Radiologists ~ 13:30 to 15:30 ~ Room 6C
	MR Neurography - Imaging Peripheral Nerves
	The Role of MRI in the Diagnosis and Treatment of Peripheral Nerve

	MR Physics for Clinicians ~ 16:00 to 18:00 ~ Room 6C
	Spin Echo 
	Gradient Echo 
	Fast Spin Echo 


	================
	Wednesday, 10 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Coils, Receivers and Parallel Imaging: A Technical Perspective
	Parallel Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRA at 3.0T
	Cardiac MRI at 3.0T
	Cardiovascular Parallel Imaging at 3.0T

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion Tensor Imaging of Traumatic Brain Injury
	Clinical Output of DTI Measurements in Multiple Sclerosis

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Array Systems
	Receivers System

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	High Resolution Imaging: Why Is It Important for T1 Weighted Imaging, MRA and SWI?
	Parallel Excitation: Making SENSE of High-Field Body MRI

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Evaluation of Cartilage Maturation
	MR Imaging of Cartilage in the Pediatric Patient

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Quantification Issues in Bolus-Tracking Perfusion MRI
	Steady-State and First-Pass Contrast Agent Methods to Evaluate CBV, Vascular Morphology and Permeability

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Cytoarchitectonic MRI: Can MRI Be Used to Quantify Neural Tissue?
	Tissue Structure through Diffusion and Transverse Relaxation Measurements
	Unresolved Issues in Diffusion and Perfusion MRI: A Consensus from the Study Group

	Cardiovascular Imaging ~ 11:00 - 13:00 ~ Room 6E
	Coronary Whole Heart MRA
	MRA at 3T
	Advances in Delayed Gadolinium MRI of Heart and Vessels ~ No Syllabus Contribution Submitted
	Peripheral MRA: Competing in the MDCT Era

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Imaging Options and Their Effects on SNR
	Ultrafast Imaging
	Field Strength Dependence in MRI-Advantages and Artifacts at 3T


	================
	Thursday, 11 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	DWI in Body Imaging
	PWI in Body Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRI of Global and Regional Myocardial Function
	MRI of Myocardial Perfusion
	MRI of Myocardial Viability

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Functional Connectivity
	Combining fMRI and DTI Applications

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Transmit Arrays Design
	RF Pulse Design for Transmit SENSE

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Advances in Spectral Editing: MRS of Neurotransmitters
	Broadband Decoupling at High Field: Challenges and Solutions

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Functional Cartilage MRI
	Overuse Injuries in Elite Athletes

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Recent Advances to Resolve Multiple Fibers Using Diffusion MRI
	Recent Advances in Fiber Tracking

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Exclusively MRI-Based Molecular Imaging: Can Magnetic Labeling of Physiologically Important Compounds via DNP or Parahydrogen-Induced Hyperpolarization Provide a Potential Supplement or Replacement of PET
	Direct Detection of Neuromodulation
	Development of Static Tracers for Myocardial Perfusion Imaging by MRI

	Stroke Imaging ~ 10:30 to 12:30 ~ Room 6C
	Neuroprotection: Biological Background and MR Implications
	The Current Status of Ongoing Clinical Trials: Beyond 3 Hours
	The Perspective of Pathophysiology - Guided Stroke Therapy
	MR Wish List for Stroke Neurologists: What Are We Missing? ~ No Syllabus Contribution Submitted

	Cardiac Problem Solving: Imaging the Coronary Arteries in 2006 - CT vs. MRCA ~ 16:30 - 18:30 ~ Room 6D
	Can CT Be Reliably Used for Plaque Characterization and Vessel Wall Imaging?
	Advanced MR Coronary Imaging at 3T: Promise or Perils?
	CT vs. MRCA: A Radiologist's Perspective
	Head-to-Head Comparison of CT and MRCA
	Assessing the Myocardium: Ischemia, Prognosis and Viability ~ No Syllabus Contribution Submitted

	Vascular Problem Solving and Case Presentation ~ 13:30 - 15:30 ~ Room 6C
	Vessels of the Neck
	Evaluation of Renal Vascular Disease
	MRA of the Run-Off's: Hands and Feet

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Diffusion MRI
	MR Angiography
	Cardiac MRI


	================
	Friday, 12 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Body MR Spectroscopy
	Fat-Water Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Arrthymogenic Conditions
	Other Cardiomyopathies

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion MRI in the Fetus and Newborn
	Measuring Brain Perfusion in the Pediatric Brain

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	ESR
	Hyperpolarized C13

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Getting BOLDer with High Field fMRI
	Static Magnetic Fields: Bioeffects, Regulation and Management

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Techniques for Stem Cell Trafficking
	Stem Cell Research Opportunities in the Musculoskeletal System

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Voxel-Based Analyses
	Techniques for Measuring Brain Deformation

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Need for a Non-Commercial Open-Source MR Simulator
	Does The Principle Of Reciprocity Hold At High Field MR?

	Therapy Assessment ~ 10:30 to 12:30 ~ Room 6E
	The Needs and Opportunities of Imaging as Bio- or Surrogate Markers - A Strategic Perspective
	Goals for Assessment of Response - A Clinical and Cooperative Trial Structure ~ No Syllabus Contribution Submitted
	Integrating MR Response Information within Trials: A Quality Assurance Perspective
	Using MR to assess Therapeutic Response - An Investigator's Perspective





